INFLUENCE OF H2 PARTIAL PRESSURE ON THE MORPHOLOGY AND CRYSTALLIZATION OF SiC LAYERS OBTAINED BY LPCVD USING TETRAMETHYLSILANE
In previous studies the kinetics and morphology of S i c layers obtained by CVD using tetramethylsilane (TMS) as precursor and hydrogen as carrier gas have been investigated. The importance of the presence of hydrogen on the growth of Sic layers has also been reported 111.
The present work concerns the study of the effect of hydrogen on the kinetics, morphology and structure of S i c layers deposited on graphite substrates from TMS decomposition.
2.-EXPERIMENTAL
Sic layers were deposited on polycrystalline graphite substrates in a vertical cold-wall CVD reactor, using tetramethylsilane and H2 as precursor and carrier gas respectively. The gas flows were controlled by mass flowcontrollers. The TMS container was maintained at room temperature. Substrates were heated by RF (Radio Frequency) induction and the temperature was measured by an optical pyrometer placed perpendicularly to the geometrical axis of the deposition system.
The experiments were performed under reduced pressure conditions. The pressure in the reaction chamber was regulated by using a valve connected to the vacuum system. The mass deposited on the substrate was measured "in situ" by an automatic balance.
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The experiments were performed at fixed substrate temperature Ts = 1 300°C. The influence of H2 in the growth process was studied by changing the hydrogen partial pressure ( P H~) from 0 to 107 hPa; fluxes were ranged from 0 to-120 Ncm3/min. The total pressure (PT) in the reactor was varied in order to maintain the TMS partial pressure (PTMS) constant at 13 hPa for all the experiments (flow of 15 Ncm3/min). The gas velocity was the same for all the deposition runs.
After a deposition run, the layer thickness was about 60 pm in all cases. Morphological characterization of the layers was performed by using a scanning electron microscope while crystallographic information was obtained by standard powder X-ray diffraction. In order to determine the effect of the hydrogen partial pressure on the growth of S i c at a submicron scale, the microstructure of the layers was also investigated by transmission electron microscopy .(TEM). Chemical analysis was performed by electron energy loss spectroscopy (EELS).
3.-RESULTS
3-1 -Effect of H2 partial pressure on the deposition kinetics and the morphology of the layers
The dependence of the S i c film deposition rate (J) on P H~ at constant PTMS has three well defined regimes (Figure 1 ). The first one, in the pH2 range 0 -10 hPa, shows an increase of J with P H~. In the two following zones, 10 to 80 hPa and 80 to 107 hPa, J decreases with P H~, this variation being faster for P H~ greater than 80 hPa. In these two latter cases, an apparent dependence of a pT-'E law was found.
In the 0 -30 hPa H2 pressure range, the introduction of H2 enhances J which is always higher than Jo, the deposition rate without H2. Above 30 hPa, the deposition rate J diminishes monotonically and remains lower than JO . . Generally, the first kind of morphology is obtained for pH2 lower than 30 hPa and the second one above this value. In all the experiments the layers were homogeneous, and were identified by X-ray powder diffraction as S i c without crystallized Si or C. Chemical microanalysis performed by EELS has confirmed that, in all cases, the material is stoichiometric (Figure 3 ). An atomic ratio Si/C = 1 with a few percent accuracy has been obtained by the measurements of the areas S between the background fitting curves (dotted lines) and the experimental distributions ( full lines) in a 100 eV energy loss window after 3-2 -Effect of H2 partial pressure on the crystallization
The diffractograms of layers obtained at different P H~ values are shown in Figure 4 . They exhibit two main peaks which correspond to distances between crystalline planes of 0.251 nm and 0.154 nm. These peaks could be attributed to the (1 11) and (220) reflections if the P-Sic cubic structure is assumed for the deposited layers.
The ratio a of the intensities of these two peaks shows a strong variation when P H~ increases. The highest value : a = 15.4 is obtained for PHZ = 0 (Figure 4a ). This ratio decreases slightly when P H~ increases up to 30 hPa. Above this pressure a strongly decreases : a = 2.46 for P H~ = 53 hPa ( Figure 4b ) and a = 0.086 for P H~ = 107 hPa (Figure 4c ).
This variation is indicative of structural and orientational changes of the deposited layers as confirmed by TEM observations.
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Figure 4 : X-ray diffraction patterns of the layers obtained at :
The study by transmission electron microscopy of a layer grown at PH2 = 0 hPa has revealed that the structure of Sic is not a zincblende structure but corresponds to a "one-dimensionallydisordered" polytype as already reported for Sic-CVI layers /3/. The continuous streaking of reflections observed on the electron diffraction pattern reproduced in Figure 5a does indeed indicate that this material is constituted by a disordered stacking along the growing direction of the Si-C elementary layers. The arrowed strong diffraction spot corresponds to the 0.251 nm distance separating these layers. The dark field image obtained by selecting this spot allows the disordered arrangement of the layers to be clearly observed. This result is in good agreement with the X-ray diffractogram of Figure 4a showing a predominant reflection associated with the periodicity of 0.251 nm 
4.-DISCUSSION
The effect of the introduction of H;! as carrier gas in the growth of SIC using tetramethylsilane has been studied Ill. These previous results show that the deposition of S i c from TMS at the working temperature is a diffusion controlled process. The pyrolysis reaction forming the growth units is catalyzed by the hydrogen, yielding a strong reduction of the apparent activation energy. This fact explains the sudden increase of the deposition rate, J, when a H2 partial pressure is introduced in the reaction chamber, as shown on the first zone of Figure 1 .
In this regime, the growth of the layer is columnar and the external morphology is formed by facetted structures showing a stacking of laminae parallel to the substrate surface. This morphology is nearly the same as that observed for the layers obtained at PW = 0.
When P H~ is over 10 hPa, at constant gas velocity, a decrease of the deposition rate is observed. This fact could be explained by the de ndence of the gaseous species diffusion coefficient on R"
the total pressure according to a pT-* law 141. However, this mechanism is not sufficient to explain the curve breakpoint which appears at pH2 = 80 hPa and the different slopes and types of crystallization observed in the second and third regimes.
In the second zone, the crystalline planes having a 0.251 nm interplanar distance, designated as F faces, are saturated by hydrogen and the pyrolysis reaction leads to a maximum and constant growth rate. Furthermore, the crystalline planes related to the 0.154 nm distance, designated as S planes, are not completely saturated and their growth rate increases with increasing pH2 but remains lower than that of F faces in this P H~ range. Consequently, the X-ray diffractogram exhibits a dominant reflection corresponding to the 0.251 nm periodicity and the ratio a previously defined ( 5 3.2) slightly decreases as observed.
In the third regime, the S faces are saturated by hydrogen. The pyrolysis reaction leads, in this case, to a maximum and constant growth rate of these planes which becomes higher than the growth rate of the F faces, already constant in this range of P H~. The X-ray intensity reflection associated with the 0.154 nm periodicity now becomes dominant and the a coefficient strongly decreases. In this zone, the growth tends to be columnar due to the geometrical competition of the neighbouring growing crystallites. The external morphology is different from that obtained at lower P H~ (Figure 2b) showing that there are no facetted structures due to the H2 adsorption effect, which hinders the development of regular morphologies.
In all cases, the resulting growth is dominated by the variation of the diffusion coefficient with the total pressure.
CONCLUSIONS
1.-The introduction of hydrogen in the reaction chamber as carrier gas enhances the deposition rate of Sic. This trend is maintained up to P H~ = 10 hPa for PTMS = 13 hPa, defining a first regime. Above this value, the deposition rate, J, decreases with increasing P H~ and two other regimes have been found due to the anisotropy in the reactivity of the crystal surfaces. In both these cases. J is diffusion controlled. The variations of J with P H~ cannot be related to gas velocity changes because aII the experiments were camed out at constant gas velocity.
2.-The structure of the layers obtained at low hydrogen partial pressures corresponds to "one-dimensionally-disordered" polytypes, consisting of stacks of Si-C elementary layers spaced by 0.25 1 nm.
3.-The increase in hydrogen partial pressure leads to the growth of layers whose structure progressively tends to that of cubic P-Sic. In this case, the layers 0.251 nm apart correspond to the (1 11) planes.
